The nuclei of mammalian cells catalyse a direct polymerization of the ADP-ribose moiety of NAD+ into a new polymer [poly(ADP-ribose)] with the simultaneous release of nicotinamide (Chambon et al., 1966; Sugimura et al., 1967; Fujimura et al., 1967; Nishizuka et al., 1967) . The enzyme responsible for this polymerizing activity, poly-(ADP-ribose) polymerase, has been found in the nucleus of several cell types (Nishizuka et al., 1969) including the acellular slime mould Physarum (Brightwell & Shall, 1971) , although rat liver nuclei have been used almost exclusively to characterize the enzyme Nishizuka et al., 1967) . The polymer is covalently linked to chromosomal proteins (Nishizuka et al., 1968; Otake et al., 1969) .
The nuclei of mammalian cells catalyse a direct polymerization of the ADP-ribose moiety of NAD+ into a new polymer [poly(ADP-ribose)] with the simultaneous release of nicotinamide (Chambon et al., 1966; Sugimura et al., 1967; Fujimura et al., 1967; Nishizuka et al., 1967) . The enzyme responsible for this polymerizing activity, poly-(ADP-ribose) polymerase, has been found in the nucleus of several cell types (Nishizuka et al., 1969) including the acellular slime mould Physarum (Brightwell & Shall, 1971) , although rat liver nuclei have been used almost exclusively to characterize the enzyme Nishizuka et al., 1967) . The polymer is covalently linked to chromosomal proteins (Nishizuka et al., 1968; Otake et al., 1969) .
Two hydrolytic enzymes have been implicated in the degradation of this polymer. A phosphodiesterase splits the pyrophosphate bonds (Futai et al., 1967) and a poly(ADPribose) glycohydrolase splits the ribosyl(l'-2')ribose linkage (Miwa & Sugimura, 1971 ; Ueda et al., 1972) . The ribosyl(l'-2')ribose linkage is the characteristic bond formed between successive ADP-ribose units in the polymer. This poly(ADP-ribose) glycohydrolase has been shown to be associated with the chromatin fraction of rat liver nuclei . It has also been partially purified from the nuclear soluble fraction of rat liver . The poly(ADP-ribose) glycohydrolase has so far been identified only in' rat liver and rat thymus cells.
We have examined the synthesis and degradation of poly(ADP-ribose) in the nuclei of mouse fibroblasts (LS cells) grown in suspension culture.
Isolated LS cell nuclei incorporate ni~otinamide-[~H]adenine dinucleotide into acidinsoluble material. The incorporation has a pH optimum at 8.5 and an apparent temperature optimum of 25°C. The optimum Mgl+ concentration is dependent upon theNAD+concentration. At ~S~M -N A D + it i s 2 m~; at ~. S~M -N A D + it is 3 m~ and at 9 m -N A D + it is above 20mM-Mg2+. Mg2+ can be replaced by Ca2+. Dithiothreitol and mercaptoethanol up to lOmM, enhance the incorporation of NAD+. With optimum conditions the incorporation of NAD+ is 128nmol of NAD+/5min per mg of DNA ( VmaX.) and the K,,, is 1.47f0.18m~. Nicotinamide inhibits the incorporation competitively with a Ki of 1 4 . 3 f l p~ and thymidine inhibits competitively with a KL of 3 2 . 5~~. The incorporation is not affected by added DNA or poly(U). It is not affected by ribonuclease but is inhibited by about 50 % on treatment with deoxyribonuclease.
The incorporation of NAD is proportional to the number of nuclei over the range 0 . 1 3~1 0~ to 1 . 3~1 0~.
The stability of the poly(ADP-ribose) polymerase system was examined at 4°C. A time-course was performed over 7h, zero time being the time at which the cells were harvested to prepare the nuclei. The graph of enzyme activity versus time was extrapolated to zero to obtain the zero-time activity. The rate of decay of the enzyme activity was 0.033% of the zero-time activity/min. The stability of the enzyme was also measured at 20°C, 25°C and 37°C. After preincubating nuclei in assay medium for different times [3H]NADf was added and the reaction carried out for 5min. The decay is temperature dependent, the logarithm of the remaining activity is not a linear function of time and the decay is not simply a first-order reaction.
Time-courses of NAD+ incorporation at 15"C, 20"C, 25°C and 37°C were performed over a period of 30min. The rates of enzyme activity at 2min intervals throughout the whole 30min were calculated and the logarithm of these rates was plotted against time. The vertical intercept gives an estimate of the rate of enzyme activity at zero time and the slope of the graph gives an estimate of the decay rate-constant of the system. Both the initial rates of enzyme activity and the decay rate-constants show an exponential temperature-dependence which both yield linear Arrhenius plots. The apparent peak 537th MEETING, CANTERBURY of enzyme activity at 25°C is the resultant of these two opposing processes of increase in enzyme rate and increase in decay rate of the system. The acid-insoluble radioactive material was shown to be poly(ADP-ribose). Nuclei were labelled with [3H]NADC and then precipitated and washed with an ethanolacetate mixture. The nuclear pellet was then briefly solubilized in NaOH, neutralized with HC1 and digested with snake-venom phosphodiesterase. Analysis of this digest by small-scale Dowex 1 formate chromatography showed the products to be [3H]AMP and [3H]phosphoribosyl-AMP only. Phosphoribosyl-AMP is a unique product of poly(ADP-ribose).
The degradation of polymer was demonstrated in the following way. Nuclei were labelled with [3H]NAD+ at 25°C for 30min; the reaction was stopped by the addition of 0.4~-nicotinamide and the loss of acid-precipitable radioactivity followed. After 20 h over 90% of the incorporated material is released to the supernatant. The degradation product was shown to be ADP-ribose by analysis of the acid-soluble material on Dowex 1 -formate columns and polyethyleneimine-cellulose thin layer. Phosphoribosyl-AMP is not formed. There was more acid-soluble radioactivity in the absence of nicotinamide than in its presence. This is because in the absence of nicotinamide both synthesis and degradation of polymer can occur whereas in the presence of nicotinamide only degradation can occur. The ADP-ribose release is inhibited by 0.5 M-(NH,)~SO, and by l0mM-cyclic AMP. The absence of any NAD+ glycohydrolase activity or other non-specific glycohydrolase enzyme activity under these conditions was demonstrated. Nuclei were incubated for 1 h at 25°C with [14C]NADf in the presence or absence of l0mM-thymidine, precipitated with ethanol and the supernatants analysed by Dowex 1-formate and polyethyleneimine cellulose chromatography. ADP-ribose was only formed in the absence of thymidine. Thymidine does not inhibit NAD+ glycohydrolase activity, as seen by its inability to have any effect on a commercial preparation of calf spleen NAD+ glycohydrolase. There is also no detectable phosphodiesterase activity in the nuclei, under the assay conditions used, as demonstrated by the inability of the nuclear preparation to release p-nitrophenol from calcium bis-p-nitrophenyl phosphate over 24h. Thus, all of the ADP-ribose produced is derived from poly(ADP-ribose) and this release of ADP-ribose from the polymer is due to a poly(ADP-ribose) glycohydrolase activity.
